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BICYCLE WITH SUSPENSIoWSVND INTERCONNECTION ARRANGEME] 



Tenninoiogy 

Anti brake dive ; A property of the front suspension which describes its ability to prevent deflection 
when the brakes are applied by reacting force through its linkages rather than its sprmgs. 
Anti-brake lift ; A property of the rear suspension, which describes its ability to prevent deflection 
when the brakes are applied by reacting force throxxgh its linkages rather than its springs 
Anti-phase motion ; When the front and rear wiieels both move vertically but in opposite directions. 
Anti-squat ; A property of the rear suspension, which describes its ability to prevent suspension 
movement when a tractive load is applied by reacting force through its linkages rather than its springs. 
Castor angle ; The angle to the vertical in the side view that the steering axis makes with the ground. 
Castor traU ; The horizontal distance from the wheel centre to the point wdiere the steering axis 
intersects with Hie ground in the side view. 




Contact patch trajectory ; The path of the contact patch centre as seen from the side view as the 
suspension articulates from rebound to bump. This characteristic is closely associated with anti-brake 
dive (for front suspensions) and anti-brake-lift (for rear suspensions). 
rjQjj+o^i patch trajectory angle. The angle to the horizontal of the contact patch trajectory. 
In-phase motion ; When the front and rear wheels both move vertically and in the same direction. 
Coupling ; When one parameter influences another, the parameters are said to be coupled. 
Interconnection ; A means of connecting the front and rear suspensions in such a way that vertical 
motion of one influences vertical motion of the other. 

Sinkage ; The deflection in the vertical direction of the rider and frame (sprung mass) due to the rider's 
own weight. 

Wheel centre trajectory ; The path of the wheel centre as seen from the side view as the suspension 
articulates from rebound to bump. This diaracteristic is closely associated with anti-squat. 
Wheel centre trajectory angle. The angle to the horizontal of the wiieel centre trajectory. 




Instantaneous centre of rotation 
of the part to vMch the wheel 
is attached 
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Background 

Although bicycles incorporating susp^isions have existed almost as long as have bicycles, the 'art' of 
suspension design has been driven mostly by other modes of transport — cars, motor-cycles etc. The 
relatively recent inarease in popularity of bicycles designed for off-road use has raised the level of 
interest in suspensions for bicycles, however, some of the design considerations that are unique to 
bicycles have prevented some of the developments made in the broader field from translating entirely 
successfully to bicycles. Namely; 

• The flexibility of the suspension must be limited to keep sinkage to an acceptable level. This is due 
to the need to maintain ground clearance (pedal arc to ground) v^en riding and to ensure that the 
saddle is not too high when mounting. 

• Transmission of power whilst the rider is in the seated position is difficult when traversing uneven 
terrain. The smooth delivery of torque to the pedals is more difScult and more fetiguing when the 
weight of the rider is bom by his/her legs as opposed beiag supported by the saddle, 

• Bracing of arms to the handlebars is difficult vAien traversing uneven terrain due to the shock 
loads, which are transmitted througji them. The natm-al inclination of the rider imder these 

' circumstances is to hold the handlebars relatively loosely, \^ch has tiie undesirable knock on 

effect of transferring weigfht otherwise born by the arms to the saddle, \^ch in turn hdghtens 

discomfort. " " 

• Actuation of the suspension when the transmission torque is uneven (such as vv^en going uphill) 
tends to sap energy. Most designs exhibit low levels of anti squat leading to cyclic deflection of the 
suspension as the transmission torque fluctuates. The energy associated with these cyclic 
deflections is dissipated mostly in tiie suspension dampers and is lost. For die same reason the 
flexibility of the rear suspension is practically limited by a need to avoid excitation of the primary 
resonant firequency by c/clic torque fluctuations, typically in the region of 120 to 200 cycles per 
miaute (corresponding to crank rotational firequmqy of 60 to 100 cycles par minute i.e. one torque 
peak per leg per cycle). 

• The requirement for stiff tyres (to keep rolling resistance low) puts greater longitudinal shock 
loads into the wheel and frame/rider and hence heigjitens the demand on the suspeosioa to 
compensate for this harshness. 

It is mostly in respect of tiiese bicycle-specific issues that the invention relates although significant 
advantages may be gained by its application to motorq/cles or any other vehicles with diain driven rear 

wheelSr 

Brief Description of the Invention 

The invention comprises 

• A rear suspension and chain driven transmission arrangement that offers very high levels of anti 
brake lift and anti-squat and does so consistently through a large range of rear suspension 
movement. 

• A front suspension / steering system which offers conventional features such as a steering axis 
inclined in the side view at a an angle of castor vfbich intersects the ground in front of the centre of 
the contact patch by a distance known as the castor trail (see diagram 1). The front suspension has 
a high degree of anti brake dive, which can be achieved by a number of different means. 

^ T»'f/%nt t»r% *^ rf^cir <sii<;r>f^ngir>n«; which are interconnected m such a way as to offer low resistance to 

anti-phase motion and somewhat more resistance to in-phase motion i.e. similar to the bogie 
principal and to intercomiected motor vehicle suspensions as featured on the Citroen 2CV for 
example. Once again, this invention makes no claims regarding the specific arrangement of the 
interconnection means, since this is a well established principle, however the additional claim is 
made that the interconnection feature is made practicable on a bicycle by the combination of front 
and rear suspensions described above. 




Existing Technolf^ / Prior Art 

• Intercomiected front and rear suspensions. E.g, Citroen 2CV, Austin Metro (see diagram 1). 

• Suspensions operating on the bogie principal. E.g, Railway carriages (see diagram 2). 

• High anti-brake lift / anti-squat rear suspensions - numerous examples (see diagram 3 (a) to (c)) 
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• High anti brake dive front suspensions - numerous examples (see diagram 4 (a) t^^^ 
Intearconnected front and rear suspensions 




Diagram 1 

•The Citroen 2CV featured a medianical intorcoimection means whereby the bounce frequency and the 
pitch frequency could be independently controlled. The front and rear bounce springs KBF and KBK 
were contained within a housing fhat was itself sprung relative to the vehicle body (spring KP). 
Vertical upward in-phase motion of the front and rear wheels would tend, for the most part, to result in 
equal and opposite compressive forces ia KBF and KBR and little change in force in pitdi control 
spring KP. Anti-phase motion would tend to transmit load to KP throu^ load changes to KBF and 
KBR of opposite sign. Hence the pitch stifl&iess of the car could be reduced relative to the bounce 
stiflBiess. The Austin Metro achieved a similar effect using hydrogas means Le. througji displacement 
of fluid acting on diaphragms, which compressed a gas witisin the spring unit 



Suspensions opiating on the bogie principal 

! 

I 

i 



Diagram 2 

Railway carriages use a similar principle of suspension. The bounce stif&iess = KB per wheel, whereas 
the pitch stififiiess is KB * (a/b)^ per wheel i.e. considerably lower than the bounce stiffiiess. 

High anti-brake lift / anti-sqiiat rear suspenstons 




(a) (b) (c) 



Diagrams 
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The three rear suspensions showa in figure 3 illustrate many of the contrasting characteristics that are 
used in cont^poraiy designs. 

The trailing arm design (a) is widely used and has a moderate amount of anti-squat and anti-brake lift 
(angle A). The trailing arm pivot is arranged to be comcident with the point at which the chain first 
touches the drive gear wheel. This removes any interference or coupling between the transmission and 
suspension travel. The anti-brake lift angle is not affected by gear selection. The wheel centre trajectory 
is fairly vertical which tends not to be so good for absorbing sharp longitudinal inputs. 

The trailing arm design (b) exhibits very high anti squat and anti-brake lift. The transmission and the 
suspension are perfectly decoupled by virtue of the transmission being mounted entirely on the rear 
triangle. The wheel centre trajectory is around 45 degrees upwards / rearwards whidi is good &r bump 
absorption. The weakest feature of this design is the lack of decoupling between the suspension and the 
rid«^ feet and legs since clearly movement of the rear wheel results in longitudinal displacement of the 
pedals and cranks. 

. The third design (c) has the brakes mounted onto a. part that is'itself connected via a bearing to the - 
trailing arm or hub. This allows the anti-brake angle and the anti-squat angle to be controlled 
independoitiy. In this case the higji level of anti-brake lift was used to counter the inevitable pitching 
that would otherwise have occurred by tuning the suspension to have low stiffiiess for comfort reasons. 
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The front suspensions described in diagram 4 are typical of those used m the motorcyo^^dustry and 
latterly of the bicycle industry. 

(a) Leading ann design used on Honda and BMW motorcycles in the 1950s. 

(b) Twin link design used by NSU motorcycles in the 1 940s. 

(c) Conventional telescopic forks with brakes independently mounted. 

(d) BMW *Telelever' used on BMW motorcycles and mountain bikes in the 1990s. 

For each of these designs, apart from (c) the brake torque is reacted by the part to vMdi the wheel is 
attached. 

(a), (b) and (c) can be arranged to give very high levels of anti-brake dive and a desirable iipwards / 
rearwards vrfieel cmtre trajectory. The BMW design (d), by virtue of the instantaneous centre of 
rotation of the forks being above vAxeeH centre height, will t^d to have an upwards / forwards 
trajectory. 



Detailed Description of the Inveotion 

• Rear suspension and transmission 

• Front suspension and interconnection means 

Rear Suspension and Transmission 

All the rear suspensions described in diagram 3 have shortcomings with regard to their suitability for 
bicycles that are softly sprung and especially for their suitability for application to interconnection 
where the objective of the intercoimection is to lower the pitch or out of phase stiffiiess relative to the 
bounce or in phase stiflBiess. Generally these shortcomings are as follows ; 

• InsuflELcient anti-squat and/or anti-brake lift. 

• Coupling between suspension movement and the longitudinal position of the rider's &et. 

Several arrangements are desoribed, each of which have the properties required of a rear suspension of 
an interconnected hicyclG. 




Diagram 5 

Refeiriag to diagram 5, the major features are 

B = Bearing connecting the frame to the rear triangle 
C = Crank pulley mounted on the frame 
N == Nest of gears on rear wheel 
As - Anti squat angle 
Ab='Anti brake lift angle 
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The means by ^^ch the suspension is sprung is not shomi and is not relevant at this point The means 
of changing gear at N is shown as being a Derailleur lype, though this is not necessarily so. Other types 
such as hub gears would be equally valid 



A component of the chain tension will act on the suspension in sudi a \my as to counts the tendency 
of the bicycle to pitch when a tractive load is applied through the chain. This happens as a result of the 
angle of ^e chain relative to the line of the trailing arm (i. e. a line joining N to B). The anti-squat angle 
is described by a line passing through the tyre contact patch and the intersection of the chaia and line 
BN. By ^s means the anti-squat angle can be made to be as higji as would be required for an 
interconnected bicycle. The anti-brake lift angle is^ however, somewhat lower. A possible means of 
inoreasing the level of anti-brake lift is to decouple the brakes by using an arrangement similar to (c) 
above. 




spindle — 
bolted to 
forks 

hub unit 
(drum _^ 
rigidly ^ 
attached/ 
wheel 
beariiig 
internal 
to unit) 



brake 
reaction 
lever to 
wheel 
bearing 



Wheel rotation axis 



:e 

reaction 
lever 



Attachment to brake reaction Irak 



Diagram 6 



Diagram 6 shows a possible arrangement of a hub mounted drum brake with a reaction lever attached 
to the hub independently via a bearing with its axis concentric with the wheel bearing. The brake forces 
are reacted through the reaction lev^ to a separate mechanism. 
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Diagram 7 

Diagram 7 has the same features as diagram 5 with the addition of the decoupled anti-brake lift 
medianism. 

NL = The brake reaction lever connected to Ihe hub at N by a hinge aligned with the wheel bearing 
LM = The brake reaction link connected via simple pin joints to the lever at the bottom end and the 
frame at the top. 

By this means the level of anti-brake lift can be tmied to the desired level and certainly high eaiough for 
an interconnected bicycle. Because the rear suspension would, without tiiis decoupled system, have a 
modest level of anti-brake lift, it is probably less important for the rear suspension to have this feature 
than the front. Nonetheless, this additional feature allows the rear anti-brake lift characteristic to be set 
at precisely that required. 

Other configurations 

Aside from the layout described above, the layout shown in figure 3 (b) would also provide suf&cient 
anti-squat and anti-dive but would have the drawbacks previously mentioned. 

Other methods involve raising the attachment point (virtual or othOTwise) of the rear suspension to the 
frame as ft)llow5 

In essence, this requires that the chain on the tension side (i.e. between I and N in diagram 8) has a 
significantly higher than normal side view angle (the angle relative to the horizontal) probably, though 
not necessarily, of the order of 25 to 50 degrees. This would be in conjunction with a suspension 
arrangement that has a correspondingly high anti-squat angle A by virtue of having a high *pole' (the 
point about which the rear wheel centre rotates). This *pole' can be either real (e.g. point B in diagram 
8) or virtual (point V in diagram 1 1) dq)ending on the suspension type. Several embodiments are 
described in the following pages. It is anticipated that this suspension would have significantly lower 
than normal stiffiiess (especially in the pitdi direction), one that could be expected to utilise a large 
amount of its available travel, accordingly the properties of anti-squat, anti-lift etc. are required to be as 
uisensitive as possible to suspension travel. To this end, it is foreseen that the length of this stretch of 
chain will be approximately equal to the ^eel radius in length or longer. This will correspond to the 
Imgth of suspension linV or links that will be required to achieve this particular aim. 
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Diagram 8 



Referring to diagram 8, the major features are 

B = Bearing comiecting the jframe to the rear triangle 

I = Idler gear mounted via a bearing to the rear triangle 

C = Crank pulley mounted on the jframe 

T = Chain tensioner mounted on the frame or rear triangle 

N = Nest of gears on rear wheel 

A = Anti-brake lift / squat angle 

The means by which the suspension is sprung is not shown and is not relevant at this point The means 
of changing gear at N is shown as being a Derailleur type, though this is not necessarUy so. Other types 
such as hub gears would be equally valid 

In the preferred case, the bearing B is arranged to lie on the line of the chain on the tension side 
connecting C and I in order to decoijple the suspension from the transmission (Le, such that a change in 
suspension position does not result in a change in chain tension). A change of gear at C or N will not 
result in any interfereace between the two (see also comments relating to configuration 3(a) regarding 
the influence of chain position on anti-squat). 

Comparing this design with that shovm in diagram 3(bX this design overcomes the problem of 
su^CTgion vertical motion influe ncing the longitudinal position of the rider^s feet. The virtu es of 3fb) 

arereiamea, nameiythose ofEigh ann-squat, gooa wheel centre trajectory and, as mentioned above 

the decoiq)ling of suspension travel from flie transmission. ' 
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other manifestations 




Diagram 9 



Referring to diagram 9, the idler gear is mounted on the frame and, in the preferred case, tiie bearing B 
Ues on the line of the chain connecting I and N. This preserves the decouplmg of the suspension and 
the transmission. 




Diagram 10 

This configuration is shnilar to that shown in diagram 9, with the idler on the frame. In this case there 
are two transmission chains, the first to transfer torque from the main crank C to the idler I, the second 
to transfer torque from Ihe idler I to the rear nest of gears N. It is likely that with such a configuration, 
the two diams would need to be on opposite sides of the bicycle and that a second idler lymg on the 
same axis and constrained to rotate at the same speed as the first would be necessary. 

In a fiirtheor crafiguration, the idler or idlers could be mounted to the rear triangle foUowing the 
prmciples laid down in diagram 8 regardmg the location of the bearing, but with two transmission 
chains as mentioned above. 
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In a anoflier permutation of eifter of these where the transmission is spUt, the means of transmittine 
torque from the crank C to the idler N could be by another means such as bevel gears and drive sh^ 
or a hydraulic means. 




Diagram 1 1 



Another configuration could involve substitutmg .the rear triangle from the configuration sho^vn in 
diagt^m 9 wij a twm hnk arrangement whereby, preferably, the chain in tension connecting I and N is 
ahgned with the virtual mstantaneous centre of rotation (V) of the rear wheel centre. To work well this 
ahgnment would need to be held throughout the range of suspension travel. 

PKmutatioils on iliis iheme could involve traosferring the torque from C through I to N using two 
chams as described previously or using some other means of transfering torque from C to I (also 
previously descnbed^. ^ 

Fmally, it may be possible to substitute the twin link arrangement described above with some other 
arrangement that has a sunilar behaviour with regard to fte virtual centre of rotation of the rear wheel 
^i'Sf*^^* ^ ""^^ *° suspension travel. Such an arrangement could be used in conjunction 
with the transnus^ aixangements described above (i.e. one diain with tensioner, two chains.r,Sig 
another means to transmit torque from C to I m conjunction with a diain to transmit torque from I to 

Front Suspension and Interconnection Means 

Iw ^^r"^ ?K f "'t* ""^^ suspensions in such a way as to offer small resistance to wheel anti- 
phase motion, both front and rear suspensions must have very high levels of anti-brake dive and in the 
^ of the rear suspension, very high anti-squat Any of the front suspensions shown in diagra^^ 4 
oould potentially be used m conjunction with the rear suspension described above to fulfil the criteria 
fe^terconnection, mdeed the front suspension need only fiilfil one criterion, that of high anti-brake 

The mtercomie<^Qn means is also potentially varied in nature. The preferred design would be 

somethmg like thatused on the Citroen 2CV or like thearrangementsshownmdiSg^ 12 and 13 but 
oflier means could be used to equal effect such as u"Si*uu ana i out 

• Hydraulic, pneumatic or oleo pn«unatic interconnecticm. 

• Interconnection usmg cranks and torsion bars 
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The following diagrams 12, 13 and 14 showtiiree contrasting arrangements of front anJ 
^p2.ta^^ and transmission arrangements that could be used. Clearly, diferent 

combinations of these major features could be used to achieve a smular effect. 




Diagram 12 

Rear suspension = as per diagram 7 
O-l = Front brake reaction lever 
3-5-0 = Front fork 
2-1 = Front brake reaction link 
2-3-4= Upper wishbone 

5- 6= Lower wishbone 

6- 7 = Balance bar 

7- 8 = Interconnectian link 

8- 9-N = Rear fork 

10-N= Rear brake reacdon lever 
10-11= Rear brake reaction link 

JoLs are^StXte^r hinge) type with their axes perpendicular to the page unless otherwise specified. 

Joint O = front wheel bearing and bearing between front brake reaction lever and wheel hub 

Joint 1 = connection between front brake reaction lever and front brake reaction Imk 

Joint 2= connection between front brake reaction link and npper wishbone - nmversal or constant 

velocity joint with its axis along tihie line 3-0. 

Joint 3 = connection between front fork and upper wishbone 

Joint 4== connection between upper wishbone and handlebars 

Joint 5 = connection between lower wishbone and fiark - spherical jomt 

Joint 6= connection between lower wishbone and frame ^ 
JoiQt 6a= connection between lower wishbone and balance bar 
Joint 7= connection between balance bar and interconnection link 
Joint 8= comiection between mterconnection link and rear fork 

Joint 9= connection between rear fork and frame . . ix. i. 

Joint N = rear wheel bearing and bearing between rear brake reaction lever and wheel hub 
Joint 10 =connection between rear brake reaction lever aad rear brake reaction link 
Joint 1 1 connection between rear brake reaction link and frame 
KF = front spring 
KR= rear spring 



The decoupled rear brake system may not be necessary depending on the degree to which pitdiing 
mder rear braking can be tolerated. 
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Diagram 13 

O-l = Front brake reaction lever 

3- 0 = Front fork lower 

4- 2-3 = Front fork upper 

2-1 = Front brake reaction link 

5- 6 = Balance bar 

6- 8 = Interconnection link 

7- .8-N= Rear fork 

10-N= Rear brake reaction lever 

mil— T>«-«.1 1«_ i» « 

* — xvcm ulicuLc I'cacuun nnK 

JoSro"^S wwfi'^^'^ *t ^""^ Peipendicular to the page unless otherwise specified 

Jomt O - front wheel beanng and bearing between front brake reaction lever and wheel hub 

Joint 1 - connection between front brake reaction lever and front brake reaction link 

Joint 2- connection between front brake reaction link and front fork upper 

Jomt3 -connection between front lower fork and front upper fork (sHding joint -axis 3-0) 

Joint 4 = connection between front upper fork and frame = steering axis joint (axis=dotted line^ 

Joint 5 = connection between balance bar and fork upper - sphericSl joint 

Joint 6- connection between balance bar and interconnection link 

Joint 7= connection between rear fork and fi^e 

Joint 8=connection between interconnection link and rear fork 

Jomt N - rear M^eel bearing and bearing between rear brake reacrion lev^ anH 

Joi^O -connection between rear brake reaction lever and rear brake reaction link 
Jomt 1 1 connection between rear brake reaction link and frame 
KF = front spring 
KR= rear spring 
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Diagram 14 



Front suspension = as per diagram 4(c) 

Rear suspaision = as per diagram 8 . , ^i. • ^^z^a 

Joints are revolute (or hinge) type ^vith their axes pspendicular to the page unless otherwise specified. 

Joint 1 = connection between fork body (which moves with the wheel) and Imk - sphencal 

Joint 2 = connection between link and bell crank - sperical 

Joint 3 = connection between bell arank and firame 

Jomt 4 = comiection between bell crank and interconnection 

Joint 5 = connection between intearcomiection and rear triangle 

F = Spring abutment part (constrained to sUde along the firame along a line roughly parallel to a hne 
joining 4 and 5) 

KF = firont bounce (in phase) spring 
KR = rear bounce (in phase) spring 
KP = pitch spring 



Further combinatians may also be equally valid such as the front suspension from 12, 13 or 14 
with the any of the rear suspensions described under the section headed 'Rear Suspension and 
Transmission'. 
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